The ability to tune charge storage properties of graphene oxide (GO) is of utmost importance for energy conversion applications. Here we show that electrochemical reduction of GO is highly sensitive to the cations present in the solution. GO is reduced at lower potential in alkali metal chloride solutions than in alkaline earth metal chlorides. During the reduction, capacitance of GO increases from 10 to 70 times. Maximum capacitances of reduced GO are between 65 and 130 F g −1 , depending on the electrolyte and the presence of conductive additive. We propose that different interactions of cations with oxygen functional groups of GO during the reduction are responsible for the observed effect.
Introduction
Recent years witnessed rapid increase in knowledge on graphene and graphene-based materials, as well as the emergence of new technologies for a cheap and scalable production of different graphene-based nanostructures [1, 2] . This is driven not only by the scientific curiosity, but also by the potential applications of these materials in almost all the areas of modern science and technology. Unique properties of graphene-based materials important for energy storage and conversion are already well acknowledged and used in different systems [3] [4] [5] . Among different methods for graphene production, wet chemical methods enable cheap production of large quantities of the "low-quality" graphene [6] . However, from the electrochemical point of view, this "low-quality" graphene is the most interesting as the functional groups and vacancies on graphene basal plane act as the active sites for different processes important for the application in electrochemical systems. In terms of charge storage application of graphene based materials, it is accepted that oxygen and nitrogen functional groups [5, [7] [8] [9] [10] contribute to capacitance through pseudocapacitive processes. Some recent works discuss the attempts for a precise modification of oxygen functionalities on graphene and graphene oxide (GO) basal plane, in order to finely tune its physical, chemical and electrochemical properties [9, [11] [12] [13] [14] . Among different proposed methods, electrochemical reduction of GO seems to be competitive approach for such modifications, due to a simple control of the reduction process through the control of the potential and reduction time, scalability and the avoidance of toxic reducing agents [15] [16] [17] [18] . This places electrochemical reduction into the "green zone". Number of different experimental conditions and their effects on the reduction process and the properties of final reduced GO (rGO) can be found in literature [15] [16] [17] [18] [19] [20] [21] . 3 Recently, we have shown general trends in tuning capacitive properties of GO [19] . As GO is reduced it gets de-oxygenated, while its conductivity increases.
Capacitance is maximized when the concentration of the oxygen functional groups is properly balanced with the conductivity. The observed trends were shown for a number of different GO materials. While reduction of GO is pH dependent [20, 21] , the question is whether the evolution of GO to rGO during electrochemical reduction can be affected by other factors as well. In this communication, the effects of the alkali metal and alkaline earth metal cations on the electrochemical reduction of GO film are investigated. We show that the reduction of GO is affected by the composition of the inert electrolyte which also reflects on the capacitive properties of such obtained rGO.
Experimental part
Aqueous graphene oxide suspension (standard solution, 4 mg ml 
Results and discussion
The GO sample used in this work possesses high concentration of oxygen functional groups (C:O ratio close to 1) and a small concentration of heteroatoms (S and N). Due to high oxidation degree it is non conductive, as known for GO [19, 23] . It undergoes irreversible electrochemical reduction, which is observed under both potentiodynamic and potentiostatic conditions. Reduction can be performed without conductive additive, as can be seen from the cyclic voltammograms of GO reduction in MCl and MCl 2 solution (M is alkali or alkaline earth metal) in Fig. 1 
(top panel).
It is clearly seen that the GO reduction commences at lower potentials in MCl 2 solutions compared to MCl solutions and that it strongly depends on the cation present in the electrolyte. Reduction peak potential is the most negative for LiCl (−1.4 V) and shifts to more positive potentials for NaCl and KCl. For earth alkali metals reduction peak potential is at least 0.1 V shifted to more positive potentials.
Previously we observed that the peak potential of the potentiodynamic reduction correlates with E red at which the highest CIF is observed after potentiostatic reduction 5 when different GOs are used [19] . As can be seen in Fig. 1, such Beside a clear dependence of the reduction process on the composition of the "inert" electrolyte and separation of the reduction peaks between alkali and alkaline earth metals, it is difficult to observe some distinct trend in Fig. 1 . However, when materials for electrochemical capacitors are used it is a common practice to include some conductive additive to the electrode formulation, in order to improve current collection efficiency. In the second set of experiments we used this strategy and 6 investigated GO reduction in MCl and MCl 2 solutions when conductive additive is included in the GO film (Fig. 2) . Again, reduction in MCl solutions takes place at lower potentials compared to MCl 2 solution. When compared to the case where no conductive additive is included (Fig. 1) , in all the cases reduction takes place at more positive potentials. We ascribe this effect to a higher conductivity of GO films in this series of experiments. Moreover, in Fig. 2 it is clearly seen that, in general, reduction peak potential shift to more positive potentials as the crystallographic radius of cation increases (ie, hydrated ion radius decreases [24] ) in the series of alkali metals and alkaline earth metals. In the same manner CIFs decrease. Moreover, when compared to the results given in Fig. 1 (bottom panel) it can be observed that the CIFs are significantly lower 7 when conductive additive is used. As previously explained [19] this is not a negative effect of the conductive carbon added to the GO layer, but the consequence of higher initial GO capacitances due to a higher conductivity of the GO/conductive component film. Namely, we measured the initial specific capacitances (i.e. before the reduction) of GO/Vulcan XC-72R films around 10 F g −1 .
In Fig. 3(a) [24] ) and for this reason reduction peak potentials are close in these three cases (Fig. 2, upper panel) .
Conclusion
We have shown that the electrochemical reduction of GO is highly sensitive to the type of cations present in the electrolyte. Reduction of GO takes place at lower potentials in alkali metal chloride solution, compared to the earth alkali metal chlorides. Upon reduction capacitance increases dramatically, but the E red of the maximum capacitance is dependent of composition of the electrolyte. Using electrochemical reduction maximum capacitances in the range 65 to 130 F g −1 are obtained, which also depended on the presence of conductive component in the GO 10 film. We propose that observed effect is due to specific interactions of cations with present oxygen which can activate removal of oxygen functional groups at different potentials.
